SA is unknown. Multi-slice computed tomography scanning was used to assess VAT, cardiometabolic risk factors through a fasting blood sample and body fat using dual energy x-ray absorptiometry. Forty-nine post-menopausal South Asian women who participated in two 12-week aerobic exercise programs were included. Bivariate correlations were used to assess associations between change in cardio-metabolic risk factors and change in body composition. Regression analyses were conducted with change in glucose, insulin and homeostatic model assessment of insulin resistance (HOMA-IR) as dependent variables and change in body composition as independent variables of interest. There were significant associations between changes in fasting insulin, glucose and HOMA-IR with change in VAT.
The South Asian (SA) population suffers from a high prevalence of type 2 Diabetes and cardiovascular disease (CVD). A unique obesity phenotype of elevated visceral adipose tissue (VAT) is associated with CVD risk among SA. Exercise-induced reduction in VAT and body fat is an effective mechanism to improve cardio-metabolic risk factors but this has not been shown in SA. Whether exercise-induced changes in measurements such as waist circumference (WC) are independently related to changes in cardio-metabolic risk factors in SA is unknown. Multi-slice computed tomography scanning was used to assess VAT, cardiometabolic risk factors through a fasting blood sample and body fat using dual energy x-ray absorptiometry. Forty-nine post-menopausal South Asian women who participated in two 12-week aerobic exercise programs were included. Bivariate correlations were used to assess associations between change in cardio-metabolic risk factors and change in body composition. Regression analyses were conducted with change in glucose, insulin and homeostatic model assessment of insulin resistance (HOMA-IR) as dependent variables and change in body composition as independent variables of interest. There were significant associations between changes in fasting insulin, glucose and HOMA-IR with change in VAT.
D r a f t

Introduction
Globally South Asians make up one quarter of the world's population and are a sizeable ethnic group in many Western countries. South Asian ethnicity is associated with a greater risk of type 2 diabetes (T2D) (Gholap et al., 2011) and cardiovascular disease (CVD) (Garduno-Diaz, Khokhar 2011), which may be due to the unique and deleterious South Asian obesity phenotype of greater body fat, greater visceral adipose tissue (VAT), and lower lean body mass compared to Europeans (Lear et al. 2007 ). The South Asian obesity phenotype explains a large amount of the ethnic variation in insulin sensitivity, suggesting a role of excess body fat in elevated T2D and CVD risk (Lear et al., 2009) . Further, elevated cardio-metabolic risk factors in South Asians, such as (cholesterol and glucose), are largely explained by greater amounts of VAT than Europeans (Lear et al. 2012) . Of particular risk among the South Asian population are women after menopause, as studies in postmenopausal women of other ethnicities have demonstrated that menopause is associated with increased risk for T2D and CVD (Rosano et al., 2007) . This also appears coincident with changes in body composition that include enlargement of the VAT depot (Janssen et al., 2015) .
Both reductions in VAT and total body fat have been suggested as primary targets (Janiszewski and Ross, 2009) for reducing the prevalence of T2D and CVD in the South Asian ethnic group and specifically post-menopausal women. While removal of VAT through surgical means has proven unsuccessful at altering cardio-metabolic risk factors (Fabbrini et al. 2010) , aerobic exercise is effective at reducing VAT and total body fat while improving cardio-metabolic risk in European populations (Arsenault et al. 2009 , Bouchonville et al. 2014 due to the preferential reduction of VAT through alpha adrenergic activation which D r a f t 4 occurs with aerobic exercise (Arner et al. 1990 ) due to greater sensitivity to lipolytic catecholamines (Fried et al., 1993) .
A reduction in VAT may explain exercise-induced improvement in cardio-metabolic risk factors (Borel et al., 2012) but direct measurements of abdominal adipose tissue and total body fat are difficult and expensive to obtain and may expose a patient to radiation; therefore, simple anthropometric measures to overcome these feasibility issues are needed.
Waist circumference (WC) has been identified as a simple anthropometric clinical marker of VAT, and a larger WC is associated with elevated CVD risk (Despres 2014) . It has been suggested that associations between VAT and WC remain after weight loss; (Pare et al., 2001 ) however, whether WC is effective for determining VAT-derived improvements in CVD risk is unclear given that change in WC could represent a combination of a change in subcutaneous abdominal adipose tissue (SAAT) in addition to a change in VAT (Lemieux et al. 2000) . In addition, it is unknown whether exercise-induced change in body composition alters CVD risk in post-menopausal South Asian women as previously seen in European populations (O'Leary et al., 2006; Nicklas et al., 2009 ).
We have previously found in within-group pre-post comparisons, that there was a significant reduction in VAT (p=0.040) and WC (p=0.037) after a 12-week standard exercise program, as well as in SAAT (p<0.001), TAAT (P<0.001), BMI (p=0.027), WC (p<0.001), body fat (p=0.036) and glucose (p=0.039) after a 12-week Bhangra dance program (Lesser et al., 2016) . Therefore, our primary objective in this study was to assess the associations between changes in VAT, SAAT, WC, percent body fat and BMI with changes in cardiometabolic risk factors following a 12-week supervised aerobic exercise intervention in inactive, post-menopausal South Asian women as a follow-up to the above mentioned randomized controlled trial. Our secondary objective was to assess whether the associations between changes in VAT and total body fat and change in cardio-metabolic risk D r a f t 5 were independent of changes in WC and BMI, respectively. Our tertiary objective was to explore whether the measurement of VAT and total body fat would explain variability in changes in cardio-metabolic risk (CMR) over and above the changes in WC and BMI, which are tools commonly used in clinical practice.
MATERIALS AND METHODS
Study Population
This study was a secondary analysis of data from a registered randomized controlled trial (ClinicalTrials.gov #NCT01766453). Participants were women recruited from the South Asian community in the Greater Vancouver area through local media: television, radio, newspapers, local temples, community events, and word of mouth. Women were eligible to participate in the study if they were post-menopausal (one year since their last menstrual cycle), had not engaged in regular physical activity in the previous 6 months, and had a waist circumference of 80 cm or greater (cut off for abdominal obesity for South Asian women) (Alberti et al. 2005 ). Individuals were not eligible to participate if they reported having been diagnosed with CVD or T2D. All participants provided written informed consent, and this study was approved by the Simon Fraser University and Providence Health Care Research Ethics Boards.
CT Scanning for Abdominal Adiposity
Multi-slice computed tomography scanning was used to assess VAT volume. After an initial image acquired at the L4-L5 interverterbral disk, three 10mm slices were taken every 5 cm above this landmark and two below this landmark. Scan parameters were set at 120kVp, 300mA for one second, 10 mm thickness, 512 by 512 matrix using a 48 cm field of view. All six CT slices were obtained at the same time. Using the standard attenuation range of -190 to -30 Hounsfield units for adipose tissue, the cross-sectional areas were determined using D r a f t 6 imaging software (SliceOmatic v4.2 Tomovision, Montreal, Quebec). VAT was calculated as all pixels in this attenuation range within the inner abdominal wall. Volumes were calculated as the average of the two closest scans multiplied by the distance between the scans. All areas were then added together for volume. We additionally assessed total abdominal adipose tissue (TAAT) calculated as all pixels within this attenuation range in the abdominal image and subcutaneous abdominal adipose tissue (SAAT) calculated as the difference between TAAT and VAT. Scan analyses were completed by the same individual, with a coefficient of variation for the analysis of 1.21% at the L4-L5 scan. All scans were void of participant identity prior to assessment to avoid any interpretation bias.
Body Composition Analysis
Mass in kilograms and height in metres were assessed with participants in light clothing (or hospital gowns), footwear removed and pockets emptied. Body mass index was calculated as mass in kilograms over height in metres squared. Waist circumference was recorded in centimetres as the average of two measures taken against the skin at the point of maximal narrowing from the anterior view following a normal expiration. Dual energy x ray absorptiometry (DXA) (Hologic Discovery QDR 4500w, Bedford, Massachusetts) was used to determine lean body mass (kg), total body fat mass (kg), and percent body fat (calculated by dividing total body fat by total body mass).
Cardio-metabolic Risk Factor Assessment
Cardio-metabolic risk factors were measured after a 12-hour overnight fast and 48-hour abstinence from alcohol. Blood samples were collected by venipuncture and immediately processed and assessed. Serum and plasma assays (total cholesterol, high density lipoprotein cholesterol, non high density lipoprotein cholesterol, triglycerides, glucose, insulin, apolipoprotein A, apolipoprotein B, aluminotransferase, C-reactive protein) were D r a f t 7 conducted by standard procedures in the St. Paul's Hospital Laboratory, Vancouver, Canada.
Method accuracy, inter-and intra-assay precision met the stringent criteria required by the Canadian External Quality Assessment Laboratory. Low density lipoprotein cholesterol was assessed using the Friedewald equation (Friedewald, Levy & Fredrickson 1972) .
Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) was calculated as fasting glucose multiplied by fasting insulin divided by 22.5 (Matthews et al., 1985) .
Exercise Testing
Participants completed a treadmill test using the Bruce Protocol (Bruce, Kusumi & Hosmer 1973) . The test began at 1.7 mph and a 10% grade with the speed and grade increasing progressively until the participant reached volitional exhaustion. Prior to testing each participant, a gas calibration and volume calibration was completed using standard procedures. Heart rate was assessed by ECG throughout the test for safety purposes.
Metabolic data were collected simultaneously during the treadmill test on a breath-bybreath basis using a calibrated metabolic system (VMax SensorMedics, San Diego, California). Peak oxygen uptake (VO2peak)was acquired as the highest 20-second average at the end of the test. Participants were encouraged verbally throughout the test in an attempt to achieve a maximal effort. Time to exhaustion was measured by time spent on the treadmill protocol prior to volitional exhaustion.
Exercise Intervention
Participants included in this study participated in either a progressive standard aerobic exercise program or a Bhangra dance program, 3 times per week for 12 weeks and these two groups were combined for the analyses as both exercise groups showed the same direction of change in variables of interest. Participants were allocated to either; control, standard exercise or Bhangra dance using variable block sizes of 2,4 and 6. The random D r a f t 8 allocation was computer-generated by a statistician unassociated with the trial. The exercise group was not compared to the original control group (a third group who were instructed to maintain current lifestyle habits) as the intention was to denote associations with change in body composition and change in cardio-metabolic risk factors post exercise intervention. The standard aerobic exercise program consisted of a 10-minute group warm up, 40 minutes of aerobic conditioning and a 10-minute group cool down. The prescribed exercise intensity was individualized based on maximal heart rate achieved during the exercise test. Heart rate (HR) was prescribed at 55% of HRmax and increased 10% every 3 weeks with the last 3 weeks of the program prescribed at 85% of HRmax. HR was assessed by the personal trainer every 10 minutes of the conditioning period and the exercise intensity was adjusted if necessary. The Bhangra dance program consisted of a 10-minute group warm up, 40 minutes of Bhangra dance and a 10-minute group cool down. Bhangra dance is a form of folk dance which originates from the Punjab area of India and consists of high intensity jumps, kicks and upper body movement to Bhangra music. The intensity of the program progressed over the 12-week period as the women became more technically skilled and fitness levels improved.
Statistical Analysis
Baseline data are presented as mean and standard deviation for continuous data and number and percentage for categorical data. Change of data were calculated as post values minus pre values. A paired t-test was used to assess change in body composition and cardiometabolic risk factors after a 12-week aerobic exercise program. The following variables were natural log transformed prior to analysis as assessed by P-P plots; SAAT, body fat, apolipoprotein a, apolipoprotein b, cholesterol, triglycerides, high density lipoprotein cholesterol, low density lipoprotein cholesterol, non HDL cholesterol, aluminotransferase, C reactive protein, glucose, insulin, HOMA-IR. To answer our primary objective, Pearson D r a f t bivariate correlations were used to assess the association between change in body composition and change in cardio-metabolic risk factors with change in the independent variables of interest; VAT, SAAT, WC, body fat and BMI. To answer our secondary objective, separate linear regression models were created for those risk factors that were correlated with VAT as the dependent variables and VAT, SAAT, WC, body fat and BMI as the independent variables. Age and change in VO2peak were included as covariates to assess whether associations were independent of change in aerobic fitness. Figures 1 and 2 were created in order to model the inter individual response as done by other exercise studies (King et al., 2007 and 2008) . To answer our tertiary objective, models with VAT and SAAT were additionally adjusted for change in WC in order to determine whether the associations of VAT and SAAT with cardio-metabolic risk factors were independent of WC. As well, the model with body fat was additionally adjusted for change in BMI, to assess whether the associations with cardio-metabolic risk factors were independent of BMI. Statistical significance was set at <0.05. Analyses were conducted using SPSS Version 23.0.
RESULTS
The following results are a sub analysis of the data from the previously published randomized controlled trial from which this population was contrived. We have previously found in within-group pre-post comparisons, that there was a significant reduction in VAT (p=0.040) and WC (p=0.037) after a 12-week standard exercise program, as well as in SAAT (p<0.001), TAAT (P<0.001), BMI (p=0.027), WC (p<0.001), body fat (p=0.036) and glucose (p=0.039) after a 12-week Bhangra dance program (Lesser et al., 2016) .
Forty-nine women participated in the exercise programs and had mean (SD) age of 57 ± 6 years. Women were predominantly from India (87.8%) and spoke Punjabi (77.6%). Two D r a f t women had impaired fasting glucose as determined by International Diabetes Federation guidelines of greater than 7.0 mmol/L. Adherence to the exercise interventions was based on attendance at the 36 prescribed exercise classes and averaged 72%. Table 1 shows the pre and post data for abdominal adiposity, body composition and aerobic fitness.
There was a significant reduction after exercise training in VAT, TAAT, SAAT, waist circumference, body fat percent, and glucose and a significant improvement in VO2peak (p<0.05). Correlations between change in body composition and cardio-metabolic risk factors with change in body composition variables of interest; VAT, SAAT, WC, BMI and body fat are presented in Table 2 .
There were significant positive associations between change in VAT and change in WC with change in glucose (r=0.499, p<0.001 and r=0.335, p=0.020), insulin (r=0.452, p<0.001 and r=0.480, p=0.001) and HOMA-IR (r=0.604, p<0.001 and r=0.385, p=0.007) and change in BMI with change in insulin (r=0.341, p=0.018) and HOMA-IR (r=0.436, p=0.002) (p<0.05) ( Table 2 ). In addition, change in VAT was significantly associated with change in BMI Previous research has shown that WC is the best indicator of VAT and related CVD risk (Pouliot et al. 1994 ) but whether this remains true after an exercise intervention is not well studied. In a weight loss study, Pare et al. (2001) found change in VAT was associated with change in WC; however, this study did not assess change in cardio-metabolic risk. In the current study, the association between changes in VAT and changes in glucose, insulin and HOMA-IR remained statistically significant even after adjusting for change in WC; and change in VAT was not associated with change in WC. A similar study in a Japanese population found change in VAT to be significantly associated with the change in cardiometabolic risk factors, while no such association was observed for WC; the authors suggested that change in WC may not be a good indicator of weight loss and improvement in metabolic risk factors (Yamakage et al. 2014) . The results of our study also indicate that change in VAT is a better indicator of an improvement in markers of glucose regulation than change in WC in this population of post-menopausal South Asian women. We found that change in WC was only associated with change in HOMA-IR but not with changes in glucose D r a f t 13 or insulin. This may be due to a non clinically significant reduction in glucose and insulin with aerobic exercise training.
Our results are similar to previous exercise studies researching the relationships between changes in adiposity measures and insulin sensitivity in European populations that have shown that reductions in VAT are associated with improvements in insulin sensitivity (O'Leary et al., 2006; Nicklas et al., 2009; Gan et al., 2003; Cnop et al., 2002) . We extend the existing body of knowledge by reporting these relationships in post-menopausal South Asian women, a population at high risk for CVD and diabetes who possess a unique obesity phenotype. Similar to the results of our study, Cnop et al. (2002) , found a significant association between change in VAT and change in insulin resistance, and this association remained independent of BMI. Furthermore, VAT was reported as an independent risk factor for insulin resistance even after taking into account SAAT (Ross et al. 2002) . We also found the change in VAT to be significantly associated with change in markers of glucose regulation, independent of change in SAAT. Visceral adipose tissue has previously been shown to explain the elevated cardio-metabolic risk in the South Asian population compared to Europeans (Lear et al., 2012) . However, the study was cross-sectional and did not determine whether altering VAT through aerobic exercise could improve cardiometabolic risk in the South Asian population. The association between VAT reduction and improvements in markers of glucose regulation provides support for aerobic exercise in the South Asian population to alter the high prevalence of T2D and CVD (Gholap et al., 2011) , as those who do reduce their VAT deposition through aerobic exercise may see improvements in HOMA-IR.
Limitations of this study include the crude measurement of insulin sensitivity through HOMA-IR. While fasting insulin measures have been shown to be a useful surrogate for insulin sensitivity (Lorenzo et al. 2010) , it would have been beneficial to have a D r a f t 14 measurement of both peripheral and hepatic insulin sensitivity using the hyperinsulinemiceuglycemic clamp method in conjunction with an isotopic tracer (Dunn et al. 2012 ). In addition, the study sample was limited to a homogenous population of abdominally obese, post-menopausal South Asian women and therefore results cannot be generalized to South Asian men or pre menopausal women. Despite the limitations, this study used the gold standard of CT imaging for the assessment of VAT and provides novel information regarding the role of exercise on obesity and cardio-metabolic risk in a population of postmenopausal South Asian women.
In conclusion, we found statistically significant associations between change in VAT with changes in fasting insulin, glucose and HOMA-IR in post-menopausal South Asian women after a 12-week aerobic exercise training program. The association between change in VAT and these cardio-metabolic risk factors was independent of change in WC and SAAT and therefore a reduction in VAT may be an important indicator of improvements in glucose regulation despite not seeing a reduction in WC. South Asian women should be encouraged to engage in aerobic activity to reduce their risk of type 2 diabetes and CVD, and physicians should be aware of improvements in glucose regulation that may be seen with exercise training that are not observed through reductions in WC. 
